Enhanced osteogenic fate and function of MC3T3-E1 cells on nanoengineered polystyrene surfaces with nanopillar and nanopore arrays.
During in vitro culture, cell fate and function, including cell adhesion, morphology, proliferation and differentiation, are affected by surface characteristics, such as geometry, wettability, hardness, chemistry and charge. This study replicated two different types of nanoengineered polystyrene surfaces (NPS) containing nanopillar (NPS-Pi) or nanopore (NPS-Po) arrays by hot embossing and investigated their topographical effects on cell behavior using osteoblast-like MC3T3-E1 cells. To mass-replicate NPS, rigid metal nano-stamps were manufactured by nickel electroforming onto two different nano-templates: (1) a nanopore-arrayed anodic aluminum oxide nano-template using two-step electrochemical oxidation and (2) a nanopillar-arrayed polymer using hot embossing process. The physical and mechanical properties of the NPS, including geometry, wettability, hardness and elastic modulus, were evaluated with the help of field emission-scanning electron microscopy, a contact angle meter, and a nanoindenter. The nanotopography maintained the bulk property, while drastically changing the surface properties. In vitro the NPS had significant effects on MC3T3-E1 cell morphology, attachment, proliferation and osteogenic differentiation compared to a flat substrate due to the altered physical and mechanical surface properties of the nanoengineered surface. Interestingly, the NPS-Po was more effective at enhancing cell proliferation and osteogenesis differentiation. One potential explanation for these results may be that the subcellular binding sites induced by the nanostructures changed the cell morphology and promoted contractile cytoskeletons, thereby enhancing osteogenic differentiation. This, which allows for the cost-effective replication of NPS and the control of cell behavior, has various applications with respect to biomedical and cell surface interaction studies, in addition to enhanced osteogenic cell fate and function.